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Abstract
The impact of non-domestic wastewater (nDWW) on water bodies every day is increased, considering the different pollutants 
that are entering and these are not regulated, also that the effects of these are not known in the ecosystems. In the case of the 
pharmaceutical industry, the various products they generate can contribute from non-steroidal anti-inflammatory analgesics (NSAIDs), 
antihypertensives, hormones, antibiotics, among others; they are being detected in surface waters and it is necessary to create 
strategies to improve treatment systems and thus reduce their effects on water systems. In this work, the native microorganisms from 
nDWW of the pharmaceutical industry were used to evaluate their ability to influence the removal of organic matter, working in mixed 
culture, where it was evidenced that in a 24 hours they could remove 45.82 % of the organic matter measured by the chemical oxygen 
demand (COD) and at 48 hours 90.59 % removal. The above shows that the use of microorganisms can contribute to the reduction of 
COD and pollutants in an effective, environmentally friendly and, more efficient way than conventional methods. Besides, the qualities 
of tolerance to four NSAIDs by 16 morphotypes are evidenced, and how they can be profiled in the future to be potentialized and 
reach the mineralization of these emerging pharmaceutical pollutants.
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1 Introduction
Water is one of the most important compounds on the planet 
and its use for human and industrial consumption, preser-
vation of flora and fauna, is given by the physical, chemical 
and biological characteristics, which can be modified by 
the entry of effluents or runoff [1]. Historically, the devel-
opment of industry and urban centers occurs near bodies 
of water to supply the population's supply, resulting in the 
increase in municipal and industrial discharges to bodies 
of water generating an imbalance in physical parameters, 
chemical and biological affecting the characteristics of the 
recipient body [2, 3]. The discharge of wastewater is con-
sidered as an important source of pollutants to the envi-
ronment, especially due to the load of organic matter that 
cannot be removed and that, in it, different substances are 
combined that are not treated within the plants and are 
released into the environment without knowing their con-
sequences [4]. To establish the impact of non-dDomestic 
wastewater (nDWW), it must begin with the determina-
tion of the physical, chemical and biological parameters. 
In this way, knowing what its characteristics are, it can 
be established what will be its effect on the water body 
that receives it and the type of pollutant that enters [5–7]. 
In general, nDWW contains contaminants such as fats 
and oils, heavy metals, organic matter, excrement, dis-
infectants, soaps, among others, which are regulated by 
existing legislation and determining their concentrations 
allows defining the type of treatment that must be carried 
out before being discharged into the environment [8].
Currently, there is worldwide concern about the pres-
ence in the surface, marine, and underground waters of 
substances such as surfactants, plasticizers, additives, sur-
factants, epoxy resins, pharmaceutical and personal care 
products (PPCP), and different chemical compounds, which 
have been named as emerging pollutants (EP).
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Known effects of some of these compounds include 
alteration of the endocrine system in animals, estrogenic 
and antiandrogenic effects in rats, complications in preg-
nancy, affecting gill and kidney tissue in freshwater fish, 
affecting the immune system of the seal, and resistance of 
bacterial pathogens to antibiotics [9, 10].
Wastewater treatment systems implement physical, 
chemical, or biological mechanisms, and are the quintes-
sential alternative for the elimination of organic and inor-
ganic compounds. However, the removal rates determined 
for pharmaceutical products vary widely, as removal effi-
ciency depends on by the compound's physicochemical 
properties, reactor design, and operating conditions [11]. 
This fact means that through punctual and non-punctual 
discharges of domestic wastewater (DWW) and non-do-
mestic wastewater (nDWW), within which are hospital 
effluents, runoff from agricultural and livestock activi-
ties, septic tanks, improper final disposal of pharmaceuti-
cal products, among others, are one of the main routes of 
entry of pharmaceutical products to different aquatic sys-
tems, including drinking water catchment points [12, 13].
It is considered that wastewater treatment systems 
should be improved to remove Emerging Pollutants. Some 
authors show that the use of aerobic, anaerobic, or anoxic 
biological treatments can influence the removal of sub-
stances such as ibuprofen, naproxen, among others, with 
effectiveness processes between 20 and 80 %, as well as, 
they remain efficient in removal organic matter, nutrients 
and solids above 80 % [14, 15]. 
Biological treatments attract attention as degradation 
processes where microorganisms such as bacteria, algae, 
and fungi are used that can mineralize high molecular 
weight molecules and lead them to simple compounds 
such as water or carbon dioxide, by using pollutants as 
a source of carbon or energy, inducing the production of 
enzymes for their assimilation, in addition to having the 
ability to tolerate the toxicity of different substances [16]. 
The microorganisms find the appropriate characteris-
tics in terms of tolerance and consumption of pollutants, 
metabolic routes, and proteins. A bioprospecting process 
must be a systematic search like microorganisms by clas-
sical or modern laboratory techniques, such as the use of 
metagenomics, which make it possible to take advantage 
of the metabolic potential, as in this case, to remove pol-
lutants and reduce the impact on ecosystems [17].
Biological degradation processes based on microorgan-
isms have always been a viable alternative for the treatment 
of different pollutants [11]. However, the pharmaceutical 
industry presents variability of substrates taking into 
account the different production lines, which affects the 
removal of organic matter that may have values above the 
regulations. There is a lack of microbial isolates that can 
be used in bioaugmentation processes to increase degra-
dation rates, together with the study of their enzymatic 
activities that allow improving the nDWW treatment sys-
tems and tolerate the changes that occur according to the 
process of manufacture.
Therefore, the objective of this work is to take advan-
tage of the native microorganisms present in nDWW of 
the pharmaceutical industry as a biological alternative for 
the removal of organic matter and how to profile them as a 
mixed culture that in the future may influence the removal 
of Emerging Pollutants such as non-steroidal anti-inflam-
matory drugs (NSAIDs).
2 Materials and methods
2.1 Microorganisms
From the INV-ING-2373 project of the Nueva Granada 
Military University, the microbiological characteriza-
tion of nDWW from the pharmaceutical industry was 
carried out. The sample was grown in Nutrient agar 
(Hi Media Laboratories, Pennsylvania, USA), Cetrimide 
agar (Hi Media Laboratories, Pennsylvania, USA), and 
Macconkey agar (Hi Media Laboratories, Pennsylvania, 
USA), all medium was sterilized at 121 °C, 15 pounds of 
pressure for 15 minutes (Autoclaves Industriales Sterilof, 
Colombia). A total of 328 bacterial strains were obtained, 
from these strains 64 were Pseudomonas, 59 were coli-
forms and 205 strains were not identified bacteria. Each 
isolate was purified, and this was evaluated hydrolytic 
enzyme presence (proteases, lipases, and amylases), and 
tolerance tests were carried out to pharmaceutical com-
pounds. The individual selection processes began to form 
a future consortium that will use as an alternative to treat 
wastewater pharmaceuticals.
2.1.1 Determination of strains with hydrolytic activity
The 328 strains were reactivated by isolation on nutrient 
agar plates (Hi Media Laboratories, Pennsylvania, USA); 
each microorganism was grown in 30 °C for 24 hours, and 
their morphology macro and microscopic corroborated. 
Subsequently, each of these was evaluated for its ability 
to grow in 1 % w/v milk agar (proteolytic), Tween 20 agar 
(lipolytic) and 1 % starch agar (amylolytic), for which each 
strain was grown in triplicate in the Agars mentioned and 
incubated at 35 °C ± 0.5 °C for 48 hours.
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At the end of the incubation time, an evaluation of the 
growth and detection of the hydrolysis halos was carried 
out. The proteolytic and lipolytic activity was determined 
by the formation of a light halo around the colony and the 
amylolytic by the formation of a light yellow halo after 
adding the Lugol reagent [18]. The microorganisms that 
presented any of the three hydrolytic activities [18] were 
characterized macroscopically and microscopically from 
their growth in Nutrient agar at 35 °C ± 0.5 °C for 48 hours.
2.1.2 Determination of tolerance to pharmaceutical 
compounds by morphotypes
To determine tolerance to NSAID-type pharmaceuti-
cal compounds, such as acetaminophen, ibuprofen and 
diclofenac, the Replica Plating method was used, carrying 
out three successive passes [19] using solid minimal salt 
medium (MSM) [20] which was modified (MSM: MgSO4 
0.20 g/L, CaCl2 0.02 g/L, K2HPO4 1.0 g/L, KH2PO4 
1.0 g/L, NH4Cl 1.0 g/L, FeCl3 0.05 g/L, Base agar 18 g/L), 
after the sterilization process, the MSM was supple-
mented with a single carbon source of Glaxo SmithKline 
brand acetaminophen (50 mg/L), Genfar brand ibuprofen 
(50 mg/L) or Genfar brand diclofenac (50 mg/L).
The boxes were incubated at 35 °C ± 0.5 °C for 48 hours. 
This process was repeated three consecutive times to guar-
antee the depletion of nutritional reserves. Tolerance to 
pharmaceutical compounds was determined by the pres-
ence/absence of growth after three consecutive passages in 
MSM supplemented with the drug as the sole carbon source.
From the NSAID-tolerant strains, an approximation was 
made to the minimum inhibitory concentration (MIC) for 
each of the contaminants. The Replica Plating method [19] 
was carried out, increasing the concentrations for each 
of the NSAIDs until reaching the maximum over-the-
counter concentration in the pharmacy for acetaminophen 
(100 mg/L, 200 mg/L, 300 mg/L, 400 mg/L, 500 mg/L), 
ibuprofen (100 mg/L, 200 mg/L, 300 mg/L, 400 mg/L, 
500 mg/L, 600 mg/L, 700 mg/L, 800 mg/L), and diclofenac 
(75 mg/L, 100 mg/L). The morphotypes were incubated at 
35 °C ± 0.5 °C for 48 h. After the incubation time, the 
presence or absence of growth was determined. The above 
allowed to determine which concentration of NSAIDs is 
tolerated by the selected morphotypes and in this way to 
be profiled for a mixed culture that removes organic mat-
ter in the nDWW of the pharmaceutical industry.
2.2 Organic matter removal tests in nDWW of the 
pharmaceutical industry
2.2.1 Residual water
From the wastewater treatment system of a pharmaceuti-
cal industry located in Bogota (Colombia), manufacturer 
of personal care products and NSAIDs, a specific sample 
was collected in June 2018, at which time the pharmaceu-
tical industry was in the production of NSAIDs. The sam-
pling point corresponded to the equalizer tank that allows 
controlling the flow of the influent and is subsequently 
passed to the secondary treatment processes arranged in 
the plant. Three samples were taken in amber flask, with 
a volume of one liter, purged three times before taking the 
sample. The sample was transported at 4 °C to the labora-
tory, and taken to the refrigerator, to be characterized in 
the following 24 hours [21].
2.2.2 Physicochemical analysis
Among the parameters that were analyzed for the water 
sample, acidity was performed by method 2310.A [22] 
and alkalinity by method 2320.B [22]. The parameters of 
hardness, dissolved oxygen, biological oxygen demand 
(BOD5), and chemical oxygen demand (COD) were car-
ried out following the recommendations of the Institute of 
Hydrology, Meteorology and Environmental Studies [21]. 
For the pH measurement, a Hanna model HI-991301 pH 
meter [23] was used. These parameters were select because 
this is the minimum requirement evaluation for environ-
mental authority in Colombia for wastewater in the phar-
maceutical industry.
2.2.3 Trial setup
The morphotypes that showed growth in the MSM supple-
mented with the highest concentration of NSAIDs avail-
able in the pharmacy, were selected for the organic matter 
removal tests in nDWW of the pharmaceutical industry. 
Each morphotype was seeded in Erlenmeyer flask 250 mL 
holding 50 mL nutrient broth (Hi Media Laboratories, 
Pennsylvania, USA), and incubated at 35 °C ± 0.5 °C for 
18 hours in a shaker (Unimax 1010; Hieidolph, Germany) 
at 125 rpm.
The organic matter removal tests were carried out 
in triplicate for each of the morphotypes; in Erlenmeyer 
flask 500 mL holding 150 mL volume of wastewater taken 
from the pharmaceutical industry. The microbial inoculum 
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constituted 10 % of the effective working volume of the 
assemblies, with a concentration 106 cell/mL. The removal 
of organic matter was determined based on the COD analysis, 
following the IDEAM protocols [21], the readings were 
made at times 0, 24 and 48 h.
Subsequently, the microorganisms that individually 
carried out the removal of organic matter in the nDWW 
greater than 50 %, were selected to be evaluated as a 
mixed culture. The assembly of the tests was carried out 
following similar conditions to those described for the 
individual morphotype tests. The inoculum was composed 
of the addition in equal proportion of each morphotype 
seeded in nutrient broth. Prior to reading, centrifugation 
(Hermle LaborTechnik, Z306, Germany) was performed 
at 5000 rpm for 15 minutes to remove the biomass present 
in each of the samples.
3 Results and analysis
3.1 Physicochemical analysis
The wastewater sample was taking in the equalization 
tank, showed an average value pH of pH 7.89 ± 0.02 units 
as shown in Table 1, a value that is within the ranges estab-
lished in Resolution 631 of 2015 of the Colombian Ministry 
of Environment and Sustainable Development for dis-
charges [24]. This allows water to be classified as slightly 
alkaline and may be due to the type of substances used 
for the preparation of non-steroidal analgesics [25]. On the 
other hand, regarding the BOD5 parameter, an average of 
648.33 ± 2.88 mgO2/L was found (Table 1), evidencing the 
presence of biodegradable organic matter and for the COD 
the value was 1522.33 ± 2.51 mg O2/L (Table 1) indicat-
ing that the nDWW of the equalizer contains non-biode-
gradable organic matter, attributable to the production of 
NSAIDs, which are complex carbon molecules difficult to 
assimilate by microorganisms [26, 27].
Regarding the hardness of the nDWW sample, this 
characteristic is given mostly by the presence of calcium 
(131.02 ± 0.55 mg CaCO3/L), as can be seen in Table 1, 
which corresponds to those cations belonging to the 
group of alkaline earth that are dissolved in water and is 
generally related to the total concentration of calcium and 
magnesium ions [28]. Regarding alkalinity and acidity, 
it can be inferred that water has bicarbonate as the pre-
dominant element, taking into account that alkalinity is 
165.66 ± 0.57 mg CaCO3/L [29], probably because the pro-
cess of manufacture of non-steroidal pain relievers uses 
calcium salts to stabilize their pH.
3.2 Microorganisms
The morphotypes selected for this study, as mentioned 
above (FA morphotypes were isolated in Nutrient agar; 
AB and, MB morphotype were isolated in Cetrimide agar; 
ML was isolated in Macconkey agar), have hydrolytic met-
abolic activities related to the production of amylases that 
allow the degradation of sugars [30] by 4 morphotypes 
(FA 44, FA 47, FA 51 and FA 58), proteases for the trans-
formation of proteins [31] by 6 morphotypes (FA 71, FA 75, 
AB 17, AB 21, MB9 and ML 7) and lipases for the degra-
dation of lipids [32] for 6 morphotypes (FA 9, FA 16, FA 17, 
FA 19, FA 25, FA 49). The microscopic morphology of the 16 
chosen morphotypes corresponds to gram negative bacilli. 
Regarding macroscopic morphology, 12 % of the morpho-
types have colonies with irregular borders, all are small, 
only 12 % are high and 24 % are opaque. Pharmaceutical 
products are manufacture in different presentations like 
solubilized, solid, or liquid options. All dependent on the 
market needed, for the above, the strains their enzymatic 
capacity is the first essential quality because the microor-
ganism will be faced with different forms of analgesics and 
will have to break down other carbon elements before con-
suming the NSAIDs as an energy source.
3.3 Determination of tolerance to pharmaceutical 
compounds by morphotypes
The microbial hydrolytic activity turns out to be a strategy 
for the decomposition of NSAIDs regardless of how these 
will be transformed into simpler molecules. That could be 
consuming as carbon sources by microorganisms, which 
prevents them from going into pharmaceutical indus-
trial wastewater as an Emerging Pollutant that impacts 
Table 1 Results physicochemical parameters









R1 7.91 650 1520 286 131.43 97.41 166
R2 7.88 645 1525 290 130.39 96.89 165
R3 7.88 650 1522 288 131.23 97.11 166
average 7.89 648.33 1522.33 288 131.02 97.14 165.67
SD 0.02 2.89 2.52 2 0.55 0.26 0.58
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ecosystems. From the growth in MSM supplemented with 
50 mg/L of the three NSAIDs (acetaminophen, ibuprofen, 
and diclofenac), the 16 morphotypes showed growth after 
four successive passages and began with increasing con-
centrations, as described in the methodology, until reach-
ing the maximum concentration of over-the-counter phar-
macy. As it can be seen in Table 2, the morphotypes with 
the ability to grow in the three NSAIDs: acetaminophen 
at 500 mg/L, ibuprofen at 800 mg/L, and diclofenac at 
100 mg/L, were FA 17, FA 25, FA 44, FA 49, FA 71, FA 75, 
AB 17, AB 21, MB 9 and ML 7.
The importance of detecting microorganisms with the 
ability to use NSAIDs as the sole carbon source lies in the 
fact that recent studies have shown the presence of different 
drugs in urban wastewater in Colombia (influent and efflu-
ent from the El Salitre treatment plant in Bogota), such as 
acetaminophen, carbamazepine, clarithromycin, diclofenac, 
ibuprofen, losartan, valsartan, among others [33]. The pos-
sibility of finding environmentally friendly alternatives, 
such as the use of indigenous microorganisms, opens up the 
possibility of improving wastewater treatment plants and 
reducing the input of Emerging Pollutants into ecosystems.
3.4 Organic matter removal tests in nDWW of the 
pharmaceutical industry
The COD tests were performed on each of the microorgan-
isms that were able to grow at the maximum concentration 
of NSAIDs to establish the reduction of organic matter. 
The tests were carried out in triplicate and readings were 
made at 0, 24 and 48 hours, as shown in Fig. 1. It is evi-
denced that the removal percentages at the end of 48 hours 
were between 45.61 % (FA 44) and 89.80 % (FA25) 
respectively. Considering that the final removal percent-
ages were above 50 %, the morphotypes FA 49 (88.75 %), 
FA 25 (89.90 %), FA 71 (67.65 %), FA 75 (79.41 %), AB 21 
(62.96 %), MB 9 (84.98 %), ML 7 (81.73 %) and AB 17 
(67.70 %). Only FA 17 (49.67 %) and FA44 (45.61) didn't 
remove that 50 % COD in 48 hours. This morphotype will 
probably need more time to be effective if they work indi-
vidual remotion COD in a wastewater biological treatment.
These were used in mixed culture as free cells to per-
form COD assays from the selection of the morphotypes. 
The measure was at 24 and 48 hours. At 24 hours the mixed 
culture removes 55.42 % COD (677.67 ± 2.52 mg O2/L) 
and, in 48 hours the mixed culture removes 92.28 % COD 
(117.33 ± 2.03 mg O2/L).
Taking into account the national legislation where ref-
erence is made that to carry out the discharging of the 
limit value for COD corresponds to 150 mgO2/L [24], 
it can be mentioned that the mixed culture is effec-
tive in the removal of organic matter, evidencing in the 
48 hours a removal of 90.59 % and with an average of 
117.67 mgO2/L of COD. This allows microorganisms to 
be profiled as an alternative to be incorporated into the 
nDWW treatment system of the pharmaceutical indus-
try and to comply with national legislation, together 
Table 2 Ability of the morphotypes to grow in NSAIDs
Morpho
type
Acetaminophen (mg/L) Ibuprofen (mg/L) Diclofenac (mg/L)
50 100 200 300 400 500 50 100 200 300 400 500 600 700 800 50 75 100
FA 9 *P P P P P P P P P P P P P P **A P A A
FA 16 P P P P P P P P P P P P P A A P A A
FA 17 P P P P P P P P P P P P P P A P A A
FA 19 P P P P P P P P P P P P P A A P A A
FA 25 P P P P P P P P P P P P P P P P P P
FA 44 P P P P P A P P P P P P A A A P P P
FA 47 P P P P P A P P P P P P A A A P A A
FA 49 P P P P P P P P P P P P P P P P P P
FA 51 P P P P P A P P P P P A A A A P A A
FA 58 P P P P P A P P P P P P A A A P A A
FA 71 P P P P P P P P P P P P P P P P P P
FA 75 P P P P P P P P P P P P P P P P P P
AB 17 P P P P P P P P P P P P P P P P P P
AB 21 P P P P P P P P P P P P P P P P P P
MB 9 P P P P P P P P P P P P P P P P P P
ML 7 P P P P P P P P P P P P P P P P P P
*P: Presence in growth media, **A: Absence in growth media
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with the possibility of using NSAIDs that enter the sys-
tem and prevent them from reaching surface waters [34]. 
Additionally, biological systems can be more effective in 
terms of removing organic matter in wastewater from the 
pharmaceutical industry when compared to studies where 
coagulation is used, and the removal of COD was only 
49 % [35, 36]. Other authors apply for treatment of phar-
maceutical industry wastewater a combination into elec-
trocoagulation, electro-Fenton, and photocatalytic oxi-
dation, where the effective remotion was observed 64 % 
total organic carbon and 70.2 % COD [37]; for remotion 
of 99 % COD in wastewater pharmaceutical industry 
combination between micro-electrolysis and Fenton oxi-
dation-coagulation, this study needed 90 days to almost 
remove COD wholly [38]. In the future, a possible com-
bination of physicochemical technologies with a biologi-
cal treatment could reduce the time of COD remotion and 
additionally remove Emerging Pollutants in wastewater.
4 Conclusions
Treatment systems for Non-Domestic Wastewater focus 
on the efficiency of the removal of organic matter, how-
ever, Emerging Pollutants such as personal care products 
and medicines are not considered within the system, since 
national legislation still does not have them contemplated 
in the surveillance and control procedures.
Performing bioprospecting processes of microorgan-
isms with enzymatic abilities allows the selection of strains 
with the ability to mineralize Emerging Pollutants such 
as acetaminophen, ibuprofen, and diclofenac to improve 
the current nDWW treatment systems available to the 
pharmaceutical industry. In this way, the efficiency in the 
removal of organic matter and compliance with the param-
eters required by current legislation is maintained, added 
to the mineralization of other substances that are being 
detected in water sources, and that every day increases the 
concern in the scientific community.
The ability to tolerate pharmaceutical compounds 
allows establishing a consortium that is not inhibited by 
the presence of complex organic compounds and that in the 
future can be implemented as a strategy for their removal.
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